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ABSTRACT

Development of dispersion strengthened tantalum base alloys for use in advanced
space power systems continued with the processing of compositions Ta-8W-1Re~-1Hf (ASTAR-811)
and Ta-7W-1Re-1Hf-0.012C-0. 012N (ASTAR-811CN) to 0. 04 inch thick sheet. Primary
breakdown of the 4 inch diameter consumable electrode melted ingots was by upset or side
forging at 1400°C (2550°F) on the Dynapak. Tensile properties were determined over the .
temperature range of =320 to 3000°F. As-TIG welded sheet specimen of ASTAR-811 and
ASTAR-811CN were ductile when bent over a radius of 1t at -320 and -225°F respectively.
As-rolled sheet, 33% prior reduction, of both compositions was completely recrystallized after
heating for 1 hour at 1600°C. The study of creep properties, phase identification, and effect
of heat treatment on phase stability of ASTAR-811 and ASTAR-811CN was initiated. Pre-
liminary results on ASTAR-811CN indicate that only the dimetal carbide is present in the as-

cast ingoft.
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I. INTRODUCTION

This, the twelfth quarterly progress report on the NASA-sponsored program, "Develop-
ment of Dispersion Strengthened Tantalum Base Alloys" describes the work accomplished
during the period August 20 to November 20, 1966. The work was performed under Contract
NAS 3-2542.

The primary objective of the current phase of this program is the processing and
evaluation of 0. 04 inch thick sheet of three compositions which were melted as 60 pound, 4
inch diameter ingots. The compositions were selected for potential sheet and tubing applica-

tions on the basis of creep resistance, weldability, and fabricating characteristics.

Prior to this quarterly period, several promising tantalum alloy compositions have

been identified which exhibited a good combination of creep resistance, weldability, and

(M

vacuum, consumable electrode arc melted as 60 pound, 4 inch diameter ingots.

fabricability The following three compositions were selected for scale up and were double

ASTAR-811 Ta-8W-1Re=-1Hf
ASTAR-811C Ta-8W-1Re=-1Hf-0. 025C
ASTAR-811CN Ta-8W-1Re-1Hf-0, 012C-0. 012N

Processing and evaluation of the Ta-8W-1Re-1Hf-0.025C alloy (ASTAR-811C) has been
(2)

essentially completed'™,
During this quarterly period, ingots of the Ta-8W-1Re-1Hf (ASTAR-811) and Ta-7W-
TRe-1Hf-0,012C-0. 012N (ASTAR-811CN) alloys were processed to 0. 04 inch sheet by a

combination of forging and rolling. Evaluation of weldability, fabricability, tensile strength,

and creep resistance of the sheet material was initiated.



Astronuclear
Laboratory

Il. PROGRAM STATUS

A. FOUR INCH DIAMETER INGOT SCALE-UP

Primary Working — The remaining portions of the cast ingots of ASTAR-811 (Ta-8W-
1Re-1Hf; Heat NASV-22), ASTAR-811C (Ta-8W-1Re-0. 7Hf-0. 025C; Heat NASV-20), and
ASTAR-811CN (Ta—7W—1Re—1 Hf-0.012C-0. 012N; Heat NASV-23) were sectioned, conditioned,
and coated with Al-12Si alloy. Five inch long by four inch diameter sections of ASTAR-811
and ASTAR-811CN were side forged to 1 inch thick plate at 1400°C (2550°F) using three
blows of the Dynapak. Four inch diameter x 1-1/4 inch thick as-cast billet sections of all
three alloys were heated to 1400°C (2550°F) and then upset forged 40-66% with a single blow

of the Dynapak. Forging data are reported in Table 1 and a pictorial view of as-forged billets

are shown in Figures 1 and 2. All three compositions exhibited excellent forgeability.

Secondary Working — The ingot sections of NASV-22 and NASV-23, upset forged

during the previous report period(z), were conditioned, annealed for 1 hour at 1650°C (3000°F),
and rolled to 0. 06 inch sheet. This sheef was then conditioned, annealed for 1 hour at 1700°C

(3270°F), and rolled to 0. 04 inch sheet. Specimens for the evaluation of weldability, mechani-
cal properties, and creep resistance described in this report were taken from this material.

The remaining upset forged billets were conditioned and are being processed to sheet.

The side forged billets of NASV-22 and NASV-23 (ASTAR-811 and ASTAR-811CN)
were conditioned, annealed for 1 hour to 1480°C (2700°F), and rolled to approximately 0. 33
inch plate at 260°C (SOOOF). Several sections cut from each plate were than annealed for 1
hour at 1650°C (BOOOOF) and combination straight and cross rolled at room temperature to
0. 04 inch sheet measuring 4 to 5 inches wide and 14 to 28 inches long. The fabricability of

both of these alloys is excellent.

The complete processing schedules for NASV-22 (ASTAR-811), NASV-20, (ASTAR-
811C), and NASV-23 (ASTAR-811CN) are shown in Figures 3, 4, and 5 respectively. Also

included are the dimensions, weights, and hardnesses at the various stages of processing.
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FIGURE 1 - Side and Upset Forged Ingots of ASTAR-811
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The microstructures of 0.04 inch ASTAR-811 and ASTAR-811CN sheet annealed for
1 hour at 1650°C are shown in Figures 6 and 7 respectively. The precipitate visible in the

ASTAR-811CN matrix is presumed to be the tantalum dimetal carbide.

Recrystallization Behavior — The effect of 1 hour annealing treatments on the micro-

structure, hardness, and grain size of ASTAR-811 (Heat NASV-22) and ASTAR-811CN (NASV-
23) was investigated. As-rolled 0.06 inch and 0.04 inch thick sheet which had been reduced

85 and 33% respectively was heated for 1 hour at temperatures ranging from 1200 to 2200°C
(2190 to 3990°F). The resulting microstructural grain size and hardness data are tabulated
in Tables 2 and 3 and plotted in Figures 8 a‘nd 9. The difference in recrystallization behavior
between ASTAR-811 and ASTAR-811CN is slight. As expected, the higher the amount of prior
deformation, the finer the recrystallized grain size. However, at temperatures above 1800-

1900°C, rapid grain growth predominates and the effect of the prior deformation is negligible.

The shape of the isochronal annealing curve for ASTAR-811 is normal for a low
interstitial containing tantalum alloy matrix with minimum hardness occurring prior to forma~
tion of an equiaxed microstructure. ASTAR-8T1CN exhibited a typical isochronal annealing
curve with a hardness minima occurring at approximately 1400°C. However the continuing
decrease in hardness for specimens heated above 1800°C was attributed to the possible loss
of carbon and nitrogen during annealing. That both carbon and nitrogen were lost during the 1
hour heat treatments was verified by chemical analysis. These data are reported in Table 4.
It has been standard practice to wrap all specimens for heat treatment in pure tantalum foils
which acts as an additional barrier to contamination during heating at 10_5 to 10-6 torr.

0]

Previous work has shown that the tantalum foil acts as a sink for carbon High temperature
vacuum annealing studies are being repeated on both wrapped and bare specimens to evaluate

the degree of carbon and nitrogen loss during high temperature vacuum annealing treatments.
Weldability — Electron beam (EB) and tungsten inert gas (TIG) bead-on-plate welds

were made on 0. 04 inch ASTAR-811 (NASV-22) and ASTAR-811CN (NASV-23) sheet, which
had been annealed for 1 hour at 1650°C (3000°F) prior to welding. Ductile-brittle transition
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(a) 150X
(b) 500X
(c) 1500X

FIGURE 7 - Microstructure of 0.04 Inch ASTAR-811CN (Ta-7W-1Re-THf-0.012C-
0.012N) Sheet Annealed One Hour at 1650°C (3000°F) Oblique Light
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TABLE 4 - Carbon and Nitrogen Content of ASTAR-811CN

as a Function of Heat Treatment(a) Temperature
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Laboratory

Teénpecgcfure Carbon Analyses(ppm)
C/F Carbon  Nitrogen
1650/3000 123 (b) 125 (b)
2000/3630 89 87
2100/3810 25 78
2200/3990 10 72

(@) One hour heat treatments with 0. 04 inch thick sheet

specimens wrapped in Ta foil.

(b) Average of three analyses.
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temperatures of the welded and of base metal samples were determined. The results, along
with those previously obtained on ASTAR-811C (NASV-20) sheet, are summarized in Table 5.
The transition temperature of both ASTAR-811 and ASTAR-811CN in all three of the tested
conditions was less than -320°F (--195°C), with the exception of a transition temperature of
-225°F (~143°C) for ASTAR-811CN in the as-TIG welded condition. The intrinsic ductility
for all three compositions is excellent as evidenced by the ductile-brittle behavior of TIG

welded material.

Mechanical Property Evaluation

a. Tensile Data — Tensile data were obtained on 0. 04 inch thick sheet specimens
of ASTAR-811(NASV-22) and ASTAR-811CN (NASV-23) at =320, -150, 70, 600, 2200, 2400,
2600, and 3000°F (-195, -101, 21,315, 1205, 1315, 1427, and 1650°C). The sheet was processed

from upset forgings and the specimens were annealed for 1 hour at 1650°C (3000°F) prior to
testing. The tensile data are recorded in Table 6, and the yield strengths are plotted in Figure
10. Also included are the previously obtained data on ASTAR-811C. Both carbon and nitrogen
additions raise the short time tensile properties of the Ta-W-Re~Hf matrix over the range of
-320°F to 2600°F. Above 2600°F, C and/or N additions at these concentration levels make

‘no contribution to the tensile strength. The pdtenf effectiveness of nitrogen on tensile properties

is apparent. Tensile ductility for all three compositions was similar with the exception of the
ASTAR-811 which exhibited only 10% elongation at 3000°F compared to 32% for the ASTAR-
811CN.

Fracture characteristics of these tensile specimens were metallographically studied.
The results are shown in Figures 11 and 12 for ASTAR-811 and ASTAR-811CN specimens
respectively. At low temperatures, failure of ASTAR-811 occurred predominantly by shear,
even at -320°F (—195°C), while the ASTAR-811CN specimens exhibited considerable inter-
granular fracture, similar to that exhibited by ASTAR-811C. At the elevated temperatures,
extensive intergranular fracture was observed in both the ASTAR-811 and ASTAR-811CN
specimens. In fact at 2400°F (1315°C); ASTAR-811C exhibited considerably more shear
failure than did either of the other alloys which may be indicative of boundary strengthening

by the carbide phase.
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Wedge-type grain boundary separations associated with relatively high stress-low
temperature strain conditions were first observed in the ASTAR-811 specimen tested at 2200°F
(1205°C) and in the ASTAR-811C and ASTAR-811CN specimens tested at 2400°F (1315°C),
while round type grain boundary voids associated with lower stress-higher temperature strain

. . . o,.
conditions were first observed in the specimens tested at 200F "~ higher temperatures.

Mechanical twinning was observed in the ASTAR-811CN specimen tested at -320°F
(-195°C). The mechanical twins, having serrated edges as shown in Figures 13a and 13b, are
very similar in nature to those previously observed in the TIG welded ASTAR-811C tensile
specimens also tested at -320°F (-195°C). Such twinning was only observed in precipitate
free grains(i. e.,none resolvable at 1500X), indicating that all of the carbon and nitrogen was
either retained insolid solution or was present in the form of a submicroscopic, possibly coherent
precipitate. Figure 13b suggests that some precipitation may be associated with the twinning
process. Such precipitation couldonly occur from the interstitials retained in solid solution.

The crystallographic nature of a number of the twins is well illustrated, especially in Figure 13b.

An unusual microstructure was also observed in the ASTAR-811CN specimen tested
at 3000°F (1 650°C). Near the fracture, extensive grain boundary migration was observed
(Figure 13c), while indications of subgrain formation were present in local areas near grain
boundaries. Precipitation of a fine, well dispersed matrix phase had also occurred during
testing. Nearer the fracture surface, extensive subgrain formation was observed along the
original grain boundaries (Figure 13d). Comparatively few grain boundary voids occurred in

these areas compared to the adjacent areas not exhibiting similar microstructures (see Figure

12).

Longitudinal and transverse TIG welded tensile specimens were prepared and the
tensile properties of these specimens are presently being determined as a function of tempera-

ture.
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FIGURE 13 - Unique Microstructures of Two ASTAR-811CN

(Ta-7W=-1Re-1Hf-0.012C-0. 012N) Tensile Specimens
Oblique Light
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b. Creep — The creep properties of heats NASV-22 and NASV-23 (ASTAR-811 and
ASTAR-811CN) will be determined over the temperature range of 2200-2800°F, on material
annealed 1 hour at 3000°F prior to test. The data obtained this period is listed below in

Table 7.

TABLE 7 - Creep Resulfs(o) for ASTAR-811 (NASV-22) and ASTAR-811CN
(NASV-23) at 1 x 10-8 Torr

Test Test Total Time to
Specimen Temperature Stress | Duration | Elongation | 1% Strain
("F) (hrs.) (%) (hrs.)
NASV-22-1C 2200 19,000 826 6.4 185
NASV-23-1C 2600 8,000 382 5.4 172

(@) Material annealed 1 hour at 3000°F prior to test.

This data is plotted on Figure 14 normalized with the Larson-Miller parameter using
15 for the value of the constant. Also included on Figure 14 is data for ASTAR-811C (Heat
NASV-20) and for T-111. The T-111 data are from tests conducted during the course of this
)

investigation and also from the program being conducted at TRW(3 . Thus these data represent

approximately 3-4 different heats of T-111 tested under ultra high vacuum conditions and

annealed for 1 hour at 3000°F prior to test.

As is evident from the Larson-Miller normalization, quite a bit of data scatter exists

- between both sets of T-111 data. The data from Reference 3 were obtained primarily at 1800-
2200°F while during their investigation, testing has been concentrated in the 2400-2600°F
temperature range. The large body of experimental creep data indicate that the creep rate is

given by the general equation
i= 1A (01,9 B TA/RT

where Ai is the frequency factor and AHi the activation energy of one of a number of deformation
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mechanisms. Both Ai and A‘Hi may depend on the stress (o) temperature (T), and structure (S).
Thus to obtain the detailed creep equation, the constants A and AH must be evaluated. However,
the structure factor (S) is particularly difficult to evaluate for it is not only affected by prior
strain, stress, and temperature history but by their instantaneous value.

(5I6I718)

It has been shown by numerous investigators that the experimentally determined

secondary creep rate can be related to the applied stress under conditions of constant tempera-

(5,6,7)

ture and stress. Generally, it has been found that at low stress levels the dependence

of the secondary creep rate és is given by:

1. = Ag"

‘s
At high stress levels, the experimental results fit the relation:

2, és =A'eB.c
For a constant temperature, A,A;n andBare constant. A model based on climb of edge dis-
locations from a pile-up array leads to a relation similar to that found experimentally at low

7)

stresses’ . The T-111 creep data is plotted in Figures 15 and 16 using relations (1) and (2).

Since the shape of T-111 creep curves make it difficult to determine a minimum creep
rate (és), the reciprocal of time to 1% creep (-:—- = ¢) was substituted for és and was the value
used in plotting the data in Figures 15 and 16. It is evident from the data plotted in these
two figures that the creep of T-111 is strongly a function of stress and temperature. Creep
of the tantalum base alloys has been shown to be strongly structure sensh‘ive(1 2 and T-111
behaves similarly. Thus it is not unexpected to see the rather poor fit of the T-111 creep
data with the Larson-Miller parameter. It should be recognized that the Larson-Miller para-
meter is one of a number of time-temperature compensated expressions that have been proposed
for the purpose of extrapolating creep-rupture results. These parameters are generally based
on curve fitting procedures and were not derived from basic fundamentals of creep or creep

rupture. Although creep rupture data for specific alloys within specified test conditions
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have been described very well by these parameters, it would be fortuitous if they could be

applied universally.

Since there are few reliable long time creep data points available for T-111, a

thorough analysis of the creep behavior is not possible at this time. This is an area of investi-
gation where much work remains to be done. The effect of heat treatment on the creep of

ASTAR-81 1C(2) again illustrates the potent effect of the structure factor.

Phase ldentification and Morphology — The dispersed phases present in as-cast

ASTAR-811 and ASTAR-811CN were extracted in the standard 10 m| bromine~=90 m! methanol-

10 grams tartaric acid solution. X-ray diffraction analysis of the ASTAR-811 residue indicated
that only residual BCC tantalum matrix was present. The lack of a second phase in this alloy
is consistent with its clean microstructure, as shown in Figure 6. Residual BCC tantalum

matrix and a lesser amount of the HCP tantalum dimetal carbide phase were present in the
ASTAR-811CN extraction. This extraction was then examined by transmission electron
microscopy and selected area electron diffractioﬁ. The size and shape of the HCP phase are
shown in Figure 17 along with typical diffraction patterns. The precipitate is in the form of
thin platelets, approximately 0.3 to 1p in diameter (Figures 17a and 17b), and in the form of
thin elongated platelets. This latter form of precipitate appears to be comprised of a number
of the smaller platelets which apparently nucleated along low angle subgrain boundaries

and grew together to form the elongated platelets (Figures 17a and 17c). These results are in
good agreement with the microstructure of ASTAR-811CN as illustrated in the eleventh quarterly
progress reporf(z). An internal structure is apparent in all of the platelets as illustrated in
Figures 17b and 17c. This internal structure is apparently caused by faulting and/or micro-
twinning as illustrated by the streaks in the electron diffraction ring pattern shown in Figure
17e. The sharp, continuous rings are those of aluminum, which was used for calibration

purposes.
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(b) 25,000X

(c) 30,000X (d) SAED of ¢

(e) DP

FIGURE 17 - Transmission Electron Micrographs of HCP Tantalum Dimetal Carbide
Precipitate Extracted from As-Cast ASTAR-811CN (Ta-7W-1Re-1Hf-
0.012C-~0.012N)
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Other studies are presently being conducted on ASTAR-811CN sheet to determine

the phase relationships present in this carbon and nitrogen containing alloy as functions of

temperature and time at temperature.

HI. FUTURE WORK

During the next period, the following will be accomplished.

1. Complete evaluation of the mechanical properties of ASTAR-811 and
ASTAR-8T1CN.
2. Initiate study on the effect of post weld thermal treatment on the ductile-

brittle transition temperature of ASTAR-811CN,

3. Continue phase identification and morphology investigation.
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